We investigate the use of the Schwinger representation for casting multimode squeezed states into multipartite spin entangled states. While the generalization is not straightforward, we can still find highly entangled multipartite spin states.
i.e it is a total spin-0 state. If this correspondence generalized to multipartite entanglement, then the simulation of entangled spins using optical modes might be possible, which is the motivation for this study.
Here, we present a first nontrivial step toward these goals with the theoretical discovery that quadripartite spin states which are entangled to make total spin zero states can be achieved using quadripartite Gaussian entanglement. Moreover, we discovered that the number of entangled spins and the strength of their entanglement is independent of the strength of the nonlinear squeezing interaction, in the absence of losses. While we consider three mode chain and GHZ Hamiltonians as well, the central results of this talk pertains to the 4 mode system, as depicted in Fig. 1 . The Hamiltonian for the 4-mode chain [ Fig. 1(a) ], with the 1-4 interaction absent, was implemented in our laboratory [3] and shown to generate a quadripartite entangled CV cluster state.
We see that in these systems as well, for specific squeezing strengths, we can get a total spin-0 state with 4 component spins J 15 , J 37 , J 62 , J 84 . We can see that [J 0 , J i ] = 0, this means that not only are J z , J x , J y nullifiers of the state, they are also nullifiers of the state when it is post-selected by a measurement of J 0 .
We go on to analyse the simplest postselected state where, j 15 = j 37 = j 62 = j 84 = 1/2. In the square cluster Hamiltonian, the post selected state we get is
978-1-55752-968-8/15/$31.00 ©2015 Optical Society of America which is a product state of two spin-0 Bell pairs of Qbits. Therefore, Schwinger-pairing 2 quadripartite entangled CV square cluster states does not necessarily give us a quadripartite spin entangled state.
However, when we consider the ring H-graph, which does not make a CV cluster state. Then we have
which is a genuinely quadripartite entangled state and the central result of this paper. While we found that the correspondence between Gaussian optical systems and entangled spins is not straightforward for multipartite systems-and even seems to fail systematically in the case of paired CVGHZ states-we have nonetheless obtained nontrivial results, including a genuine multipartite entangled spin-1/2 state generated by a multimode squeezed, albeit not multipartite entangled CV state. Moreover, closely related CV Hamiltonians, which make significantly different states, can still have the same spin nullifiers, which hints at a possible degeneracy of the nullifier picture in this case. We show the examples for spin-1/2 but the formalism we explore holds for any postselected values as long as they satisfy the nullifier J 0 . Therefore this is a viable method to look for simulation of multipartite entanglement of higher spins.
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